Objectives: We undertook the first case control study of histologically confirmed esophageal candidiasis (EC).
Results: The EC incidence was 5.2%; it was associated with immunosuppression and endoscopic white plaques and breaks. Smoking was a predisposing factor, and alcohol was protective. EC had no unique symptoms, and 54% of endoscopic reports did not suspect EC. Important histologic clues included superficial and detached fragments of desquamated and hyper-pink parakeratosis, acute inflammation, intraepithelial lymphocytosis, dead keratinocytes, and bacterial overgrowth. Thirty percent had no neutrophilic infiltrate. Pseudohyphae were seen on H&E in 92.5% (n ¼ 37/ 40). "Upfront" periodic acid-Schiff with diastase (PAS/D) on all esophageal specimens would have generated $68,333.49 in patient charges. Our targeted PAS/D strategy resulted in $13,044.87 in patient charges (cost saving ¼ 80.9%, $55,288.62).
Conclusions:
We describe the typical morphology of EC and recommend limiting PAS/D to cases where the organisms are not readily identifiable on H&E and with at least one of the following: (1) ulcer, (2) suspicious morphology, and/or (3) clinical impression of EC.
Esophageal candidiasis (EC) is the most common cause of infectious esophagitis. [1] [2] [3] Many of its typical associations, such as dysphagia, accurate endoscopic impressions, and associations with erosions and ulcerations, stem from studies lacking controls or with optional pathologic confirmation.
To our knowledge, we provide the first case-controlled study of histologically confirmed EC. The conclusions presented herein often challenge the classic descriptions of EC, particularly as they relate to incidence, clinical presentation, endoscopy, and histology. We attribute these differences to the inclusion of controls and by holding histology, rather
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than endoscopy, as the gold standard for diagnosis. Additional factors that may contribute to this shifting description include a tandem shift in the population of susceptible patients. While EC in the human immunodeficiency virus (HIV) setting has declined from its pre-highly active antiretroviral therapy incidence of 51.8% to its current nadir of 16.7%, 2, 4 EC is increasingly seen in non-HIV patients, perhaps secondary to increasing diabetes mellitus; widespread use of acid-lowering agents, 5 broad-spectrum antibiotics, 6, 7 and inhaled steroids 6, 7 ; and an aging population. 8 As a result of shifting trends, awareness of EC's modern presentation is critical for its timely diagnosis.
Materials and Methods
This study received approval from The Ohio State University Wexner Medical Center Institutional Review Board. A total of 1,011 esophageal specimens from 804 procedures on 770 patients at The Ohio State University Wexner Medical Center were identified between July 2012 and February 2015 using a COPATH search for the terms esoph* AND biops*. Of these cases, a subsequent search for candid*, fung*, and pseudo* identified 40 unique patients with EC.
The minimum criteria for EC were at least one fungal pseudohyphae morphologically compatible with Candida infiltrating detached or intact squamous epithelium. A single biopsy specimen from each patient comprised the EC study group. In patients with more than one EC biopsy specimen, only the first positive biopsy specimen was included to minimize sampling bias. The negative controls consisted of 20 consecutive squamous-lined esophageal biopsy specimens without candidiasis from 20 unique patients during the same time period. Available H&E and periodic acid-Schiff with diastase (PAS/D) special stains of all cases were independently reviewed by two pathologists with an interest in gastrointestinal (GI) pathology (M.A. and C.A.A. The assessed clinicopathologic features were compared using Fisher's exact two-tailed t test or Student two-tailed t test, as appropriate. PAS/D cost analysis was performed based on current Medicare/Medicaid reimbursement rates. To study the incidence of EC in comparison to HSV and CMV esophagitis, the same 770 patients were subject to a subsequent search for "HSV" and "CMV" during the same time period.
Results

Candidiasis is the Most Common Cause of Infectious Esophagitis
Of the adult patients with esophageal biopsy specimens, the incidence rate of EC was 5.2% (n ¼ 40/770 patients), HSV was 0.65% (n ¼ 5/770), and combined CMV and Candida was 0.13% (n ¼ 1/770).
Clinical Features Associated With EC
The median age of patients with confirmed EC was 55.5 years (range, 20-85 years), similar to the controls (median age, 56 years; range, 23-83 years). Immunosuppression was significantly associated with EC (n ¼ 33/39 vs controls ¼ 5/20, P < .0001). Most of the immunosuppressed patients (n ¼ 22/39) were administered immunosuppressive medications for asthma, autoimmune diseases, or transplantation. Other causes for immunosuppression included diabetes mellitus (n ¼ 6/39), malignancy (n ¼ 3/39), end-stage renal disease (n ¼ 3/39), HIV (n ¼ 2/39), or advanced age (!75 years; n ¼ 2/39). Smoking was more often seen in EC (n ¼ 16/39 vs controls ¼ 3/20, P ¼ .0322). Alcohol usage was more commonly reported in the controls (n ¼ 9/20 vs EC ¼ 5/39, P ¼ .0097). The presenting signs and symptoms of EC did not significantly differ from the controls Table 1 .
Endoscopic Features Associated With EC
An endoscopically normal examination was more often reported in the control group (EC ¼ 1/39 vs controls ¼ 4/20, P ¼ .0408). When mucosal abnormalities were present, they tended to be in the distal esophagus of the controls (EC ¼ 9/ 39 vs controls ¼ 10/20, P ¼ .139). Only 46% (n ¼ 18/39) of EC cases were submitted with an accurate endoscopic impression of EC. The clinically suspicious cases (n ¼ 18/39) were described as white plaques, white exudates, and mucosal breaks. Accuracy of the endoscopic impressions did not correlate significantly with subspecialty expertise or years of experience: the average years of experience was 11.5 years in clinically suspected cases and 8.5 years in clinically unsuspected cases. Three of the 18 endoscopically suspicious EC cases were not disclosed on the pathology requisition.
Histologic Features Associated With EC
Pseudohyphae were seen on H&E sections in most EC cases (92.5%, n ¼ 37/40). A PAS/D stain was needed for a diagnosis of EC in three cases: two positive cases had dense, obscuring ulcerations, and one positive case had dense, intraepithelial lymphocytosis with the single pseudohyphae seen only on the deeper section into the block for the PAS/D stain. Overall, the pseudohyphae ranged in number from 1 to 300 per hpf (median ¼ 29.9/hpf). On average for all cases, 80% of pseudohyphae were identified in the desquamated parakeratosis, and 62% were identified in the hyper-pink parakeratosis.
Desquamated parakeratosis was defined as abnormal keratinization that involved individual or groups of squamous cells detaching/detached from the main squamouslined tissue fragment Image 1 , Image 2 , and Image 3 . Desquamated parakeratosis was reliably more conspicuous in EC (P ¼ .0493, Table 2 ). EC featured more hpfs of desquamation and more desquamated cells per hpf, and the desquamation involved a substantially larger proportion of the epithelial surface than the controls. While desquamated parakeratosis was a helpful clue to the diagnosis of EC, it was not specific for EC and was focally seen in 11 of the 20 controls. Examples of non-EC-associated etiologies included reactive squamous mucosa (n ¼ 3/11), gastroesophageal reflux disease (n ¼ 2/11), eosinophilic esophagitis (n ¼ 2/11), esophageal eosinophilia not otherwise specified (n ¼ 1/11), cancer (n ¼ 1/11), acute esophagitis not otherwise specified (n ¼ 1/11), and glycogenic acanthosis (n ¼ 1/11).
Hyper-pink parakeratosis was defined as abnormal keratinization that resulted in bright pink condensation of the squamous mucosa (Images 1 and 3). Hyper-pink parakeratosis and its extent were significantly more common in EC (P < .0001, Table 2 ). It was also seen in four controls in biopsy specimens with acute esophagitis (n ¼ 1/4), reactive epithelial change (n ¼ 1/4), gastroesophageal reflux disease (n ¼ 1/4), and eosinophilic esophagitis (n ¼ 1/4). Intraepithelial lymphocytosis was more frequent in EC (P ¼ .0433) and was most commonly seen in the lower third of the epithelium (Images 2B,D and 3C). Seventy percent of EC cases had intraepithelial neutrophils, a finding significantly associated with EC (P ¼ .0003) (Images 1-3). Acute inflammation was usually focal and in the upper third of the epithelium (median, 16 intraepithelial neutrophils/hpf).
Outcomes of EC
Follow-up data were available for 38 patients up to 150 weeks (mean, 54.8 weeks). Most patients with EC received antifungal treatment (n ¼ 27/40), and these patients tended to report resolved symptomatology (n ¼ 17/23). Untreated patients with EC tended to show persistent symptoms (n ¼ 5/8).
Organism Burden in Relation to Symptoms, Endoscopy, and Outcomes
The pseudohyphae organism burden spanned a wide range from 1 to 300 pseudohyphae/hpf. To study the relationship between organism burden to symptoms, endoscopy, and outcomes, the EC group was divided into three groups: lowest organism burden ( 5 pseudohyphae/hpf), moderate organism burden (6-24 pseudohyphae/hpf), and high organism burden (!25 pseudohyphae/hpf) Table 3 .
Organism burden did not correlate with symptoms. Moderate and high organism burden EC cases were more often submitted with a correct endoscopic impression (moderate or high ¼ 19/26 vs low ¼ 2/14, P ¼ .0007), and the endoscopic impression tended to be shared on the requisition (moderate or high ¼ 17/19 vs low ¼ 1/2). Moderate and high organism burden EC cases were also associated with a higher likelihood of symptom improvement with antifungal treatment (moderate or high ¼ 16/20 vs low ¼ 2/8, P ¼ .0110). Although not statistically significant because of small sample size, untreated moderate-or high-burden EC was more often associated with persistent symptoms compared with low-burden EC (moderate ¼ 1/2, high ¼ 3/4, low ¼ 1/6).
Cost Analysis
PAS/D cost analysis was performed using current Medicare/Medicaid reimbursement rates. Each PAS/D currently generates $67.59 in combined technical and professional billing fees. "Upfront" PAS/D stains on all 1,011 esophageal biopsy specimens from 770 unique patients during this study period would have generated $68,333.49 in patient charges. Our proposed strategy is to selectively order one PAS/D per patient procedure when there are no visible pseudohyphae on H&E and at least one of the following: 
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Image 1 (cont) These foci were usually luminal or involved the superficial epithelium and contained most of the diagnostic pseudohyphae. C, F, I, The diagnostic pseudohyphae (arrows) are best seen on highest power in pockets of desquamated debris (H&E, Â1,000). Some images (B/C and E/F) were entirely negative for acute inflammation, making evaluation of the parakeratotic debris essential for diagnosis. The hyper-pink parakeratosis is easily seen at low power (E, arc) and can be seen surrounding the infiltrating pseudohyphae on high power (F).
Discussion
We report Candida as the most common cause of infectious esophagitis. Of the infectious esophagitis cases with known etiologies, 88% were due to Candida, 10% were due to HSV, and 2% were due to combined CMV and Candida. We report an overall EC incidence rate of 5.2% among adults with esophageal specimens during the study period, which contrasts with the previously reported rate of 0.32%. 9 We favor that the discordancy is due to differing inclusion criteria. Histology was the gold standard for diagnosis in our study, whereas Choi et al 9 included those with only an endoscopic diagnosis of EC, which in our series would have greatly underestimated the true incidence of EC.
We report that most adult patients with EC were middleaged with an approximately equal male to female ratio, and immunosuppression was a common clinical clue, findings also described by others. 1, 8, [10] [11] [12] [13] Our data suggest that smoking is a predisposing factor to EC, perhaps through directly promoting Candida's virulence or indirectly through causing mucosal injury. [14] [15] [16] Our data also suggest that alcohol is protective against Candida, perhaps through inhibiting Candida's growth and protein synthesis, 17 reducing biofilms, [18] [19] [20] and or inhibiting germ tube formation and elongation. 20 Similar findings have been observed by others. 8, 21 Dysphagia has been widely ascribed as a classic feature of EC, 1, 3, 10, 12, [22] [23] [24] [25] but in our series, dysphagia was equally common in EC and the controls. Moreover, we report no
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Image 2 Typical findings of endoscopically unsuspected esophageal candidiasis (EC). Endoscopically unsuspected EC was described as normal (A), proximal rings and mucosal friability concerning for eosinophilic esophagitis (B), an inlet patch (C, arrow), and "favor food" in a patient with large gastric bezoars (D). Each of these cases was histologically confirmed to have pseudohyphae entrapped in parakeratotic debris. G specific signs or symptoms associated with EC compared with controls (Table 1) . We reason that this particular observation relates to the universal association of GI-related indications in patients undergoing upper GI endoscopy, and only some of these symptoms are attributable to EC. As a result of the nonspecific EC presentation, patients would benefit from a broad clinical and pathologic consideration of EC.
To our surprise, the clinical impressions described in the endoscopic report were usually inaccurate (54%; sensitivity ¼ 46.2%, specificity ¼ 100%). Our center is a major academic hospital, all endoscopists were fellowship trained, and the average endoscopic procedure was performed by an endoscopist with more than 10 years of postfellowship experience (range, up to 42 years). When comparing endoscopists' experience with the accuracy of the endoscopic impression, we found no significant differences between gastroenterologyand surgery-trained subspecialties or years of postfellowship experience. Therefore, we suspect the endoscopic inaccuracies reflect universal challenges in EC presentations and emphasize the importance of pathology in the diagnosis of EC.
Of those cases submitted as clinically suspicious for EC, the endoscopic findings were usually described as white plaques, white exudates, and mucosal breaks. In general, cases endoscopically suspicious for EC had a higher organism burden than those that were endoscopically unsuspected. Of note, three EC cases were endoscopically submitted as eosinophilic esophagitis with upper esophageal rings and mucosal friability (Image 2). Histologic evaluation identified EC only, with no concomitant other pathology. These patients reported resolved symptoms with antifungal therapy, suggesting all clinicopathologic abnormalities were solely attributed to EC. These cases highlight that EC should be a clinicopathologic consideration in cases endoscopically suspicious for eosinophilic esophagitis, in addition to the other EC endoscopic mimics (inlet patch, gastroesophageal reflux disease, Barrett esophagus, and food). We histologically defined EC as the presence of at least one pseudohyphae morphologically compatible with Candida invading the detached or intact squamous epithelium. Although erosions and ulcers have been described as classic clues to EC, 3, [26] [27] [28] we report that erosions and ulcers
were not significantly associated with EC. Furthermore, acute inflammation has been described as a characteristic feature of EC, [28] [29] [30] but up to 30% of EC cases were completely negative for acute inflammation, underscoring the importance of other histologic clues to the diagnosis. We report statistically significant associations as luminal or superficial desquamated and/or hyper-pink parakeratosis, intraepithelial lymphocytosis, bacterial colonization, and dead keratinocytes. Acute inflammation is a helpful feature, when present, and it is often focal and mild ( Table 2 , Images 1-3). While we found no dedicated, case-controlled study of EC histology, there are a few relevant descriptions. A 1996 study of 141 patients with AIDS reported that the characteristic histology consisted of desquamated superficial squamous epithelium, inflammatory cells, and bacteria. Ulcers were seen in 32% of cases, but only four were attributed to Candida.
31 A 1997 autopsy study of patients with Candidapositive cultures and histology reported that HIV-positive patients had more dense neutrophilic infiltrates and deeper invasion extending into the muscularis propria and adventitia in comparison to HIV-negative patients with cancer. 32 In a recent comparison study of EC, HSV, tuberculosis, and CMV, the authors showed broad histologic overlap with increased lymphocytes and neutrophils seen in cases of infectious esophagitis. 3 The authors also described most infectious cases as having increased intraepithelial eosinophils, basal cell hyperplasia, papillary elongation, and dilated intercellular spaces, features not significantly associated with EC in our case-controlled study. An emerging controversy involves the distinction between biologically meaningful Candida infection, which requires antifungal therapy, from an asymptomatic Candida colonization, which may not require therapy. Some authors point to the importance of pseudohyphae admixed with yeast buds and acute inflammation to favor an infection from simple colonization. 29 However, we report that 30% of EC cases have no acute inflammation, and we attribute this finding to their known immunosuppression, which may preclude mounting an effective immune response. Moreover, we report that most patients with EC in this study were treated with antifungal therapy, and these patients generally showed improved symptomatology. Patents with a high organism burden were more often associated with resolved symptoms following treatment, and untreated cases were more often associated with persistent symptoms. As such, we recommend that the minimal criterion for EC remains at least one pseudohyphae infiltrating detached or intact squamous epithelium, regardless of the background inflammation or lack thereof. In summary, we report the first case-controlled study of histologically confirmed EC. Contrary to convention, EC has no specific presenting symptoms (including dysphagia), it is not significantly associated with esophageal erosions or ulcers, and up to 30% of cases are completely negative for acute inflammation. We report immunosuppression and smoking as predisposing features and alcohol as protective. White plaques, white exudates, and mucosal breaks were common endoscopic descriptions, but the endoscopic impressions of histologically confirmed EC were usually inaccurate. Therefore, pathologic confirmation remains essential. We propose that efficient Candida detection begins at low power by targeting desquamated and hyper-pink hyperkeratotic foci. Subsequent highpower examination for the diagnostic pseudohyphae is most efficient in areas with focal to mild acute inflammation, intraepithelial lymphocytosis, bacterial colonization, and dead keratinocytes. On the basis of our outcome data, we conclude that the minimum criterion for EC remains at least one fungal pseudohyphae infiltrating detached or intact squamous epithelium, regardless of the presence or absence of background 
